(A bstract.)
natant liquid proceeds from the positive wire towards the negative one, and negative flow, &c. when it passes in the opposite direction. solution of sulphate of potash, the sudden repulsions were produced readily, but were much less powerful than when the liquid was placed alone upon the mercury. 2nd. Two circular clean spaces, | an inch wide, were scraped with a knife upon a horizontal plate of zin c; one of them was amalgamated with mercury and left covered with a very shallow layer of that metal, the other was also amalgamated, but the excess of mercury was wiped o ff; each o f the spots was now covered with a shallow layer o f a weak solution of sulphate o f alumina, the zinc plate connected with the negative plate of the battery, and the end of the positive platinum wire dipped in succession into the super natant portions of liq u id ; the solution above the thin layer of liquid mercury was powerfully repelled on making the contact, whilst that upon the other spot was unaffected. Similar results were obtained with a solution o f caustic potash, also with a plate of tin. 3rd. A portion of Newton's fusible alloy was melted under a layer -J-th of an inch deep of a solution o f chloride of zinc, and the ends o f the platinum wires from the battery immersed in the supernatant liquid until the alloy cooled and solidified; the zinc solution flowed from the negative towards the positive wire as long as the surface of the alloy remained in the liquid state, and ceased to flow immediately the surface of the metal solidified. Also a drop o f a strong solution of caustic potash placed upon the melted fusible alloy, the latter con nected with the negative pole and the former with the positive pole, exhibited the usual momentary repulsions as long as the surface of the alloy remained fluid. I therefore conclude that the substances must be in a liquid state.
The usual method o f manipulation I have adopted has been to take a watch-glass o f about 2 inches diameter and place in it by

8.
To ascertain whether both the substances must be conductors o f electricity :-1st. I formed melted globules of phosphorus in warm oil of vitriol, also in a hot mixture o f one measure of distilled water and two measures of oil of vitriol, and immersed the wires in the usual manner, but no motion of the liquid occurred. 2nd. N o movements were obtained with a globule of bromine under warm oil of vitriol; a large globule of bromine was placed in a porcelain boat, and dilute sul phuric acid added until the bromine was partly.covered; the wires were then applied, but no movements took place. Also the addition of sulphur and of selenium to the bromine did not ensure a different effect. 3rd. W ith a large globule of selenium under fused chloride of zinc no motion was obtained. 10. To ascertain whether the capability o f producing these move ments was a general property o f metals and alloys when in the liquid state:-1st. Bism uth was fused beneath a layer o f chloride o f z in c ; tin was also melted under a similar layer, and the terminal wires im mersed in the supernatant liquid ; a steady negative flow occurred in each case. 2nd. Cadmium was similarly treated under fused cyanide of potassium, and a positive flow obtained. 3rd. Cadmium, lead, Britannia-metal, and fusible metal were melted separately, small pieces o f cyanide of potassium placed upon them and melted, the metal con nected with the negative platinum wire, and the positive wire dipped into the melted cyanide; positive repulsions took place with each metal on making contact. I conclude from these experiments that the power of rotating under the influence o f an electrolytic current is a general property o f metals and alloys when in a liquid state.
11. That the mass or body o f the metal is not essential to the production of the movements, is evident from the fact that the move ments have been readily obtained with thin layers o f mercury upon amalgamated zinc (7 ) and copper plates. 17. It is not essential that the electric current should pass both into and out of the metallic globule by the electrolyte; with a glo bule of mercury in rather strong sulphuric acid and either of the polar wires immersed in the acid, the other wire being in contact with mercury, the movements occurred : also with the negative wire touching a globule of mercury in a solution either of cyanide of potassium or strong caustic potash and the positive wire in the liquid, movements were readily obtained.
18. To ascertain whether the electrodes were essential to the movements, I placed a large globule of mercury in the middle part of a slightly bent horizontal glass tube, 20 inches long and ^ an inch diameter, then filled the tube with a strong solution of cyanide of potassium, and immersed the polar wires a short di stance in the liquid at each en d ; a strong positive flow of the solution over the surface of the mercury occurred, but no movements took place at the surfaces of the electrodes, except such as were produced by the evolution of gas. The electrodes evidently operate merely as conductors of the electricity, and are not, in an abstract sense, at all connected with the movements.
19. Herschel has shown that the approach of strong magnets has no effect on the motions (vide Gmelin's Handbook, vol. i. p. 490), and I have also found that the movements are not electro-magnetic. A watch-glass-containing in one instance a solution of cyanide of potassium, in a second instance a solution of hydrochlorate of am monia, and in a third instance oil of vitriol,-was placed upon one of the poles of a vertical horse-shoe electro-magnet capable of sustaining about 100 pounds, and the end of a large soft-iron armature which rested upon the other pole brought near the glass. The polar wires from the Smee s battery of twenty-two pairs were now immersed in the electrolyte on each side of the globule, and the magnet con nected with a separate battery of large surface. The direction of flow of the electrolyte was instantly changed to a circular one all round the glass, and was reversed by reversing the polarity of the magnet. In each case the direction of motion of the electrolyte corresponded with that of the electric current beneath i t ; i. e. with a south pole beneath, the liquid moved in the same direction as the hands of a watch ;-this circular motion was evidently a case of ordinary electro magnetic action, as it occurred equally well without the presence of a liquid metal in the electrolyte. No real connexion of the mag netism with the movements under investigation was detected.
20. To ascertain whether the movements varied with the quantity of the electric current, I prepared a single series of sixty-six pairs of Smee's batteries, forty of which were charged with spring-water, and the remainder with a mixture of one measure of sulphuric acid and fifteen measures of water. The movements obtained on applying the current from the whole series to very dilute sulphuric acid con taining a globule of mercury, were much more feeble and the amount of electrolysis much less than when the current from the twenty-six strongly-charged pairs alone was applied. On substituting distilled water for the dilute acid, the movements were stronger and the electrolysis greater with the whole series than with the twenty-six pairs. In all cases the movements appear to be dependent upon the quantity of electricity circulating. In some cases the metal becomes covered with an insoluble film, produced, by ordinary chemical action of the liquid, which prevents the continuance of the action; this occurs particularly with mercury in strong solutions of sulphides, iodides, bromides, and chlorides. 2nd. I f the positive wire is connected with the mercury and the negative wire with the liquid previous to placing both the wires in the electrolyte, films are in nearly all cases instantly produced (but not with strong sulphuric acid) and interfere with further action; films are also frequently produced by a similar cause upon the end of the mercury nearest to the negative wire when the wires are in the solution, and in many such cases the mercury creeps in a pecu liar serpent-like form beneath the film towards the negative wire. 3rd. In many instances the metallic globule becomes of a pasty consistence by absorbing substances deposited upon its surface by electrolysis, and the motion declines ; this takes place particularly with mercury in solutions of salts of ammonia, baryta, strontia, magnesia, and lime, but most with those of magnesia and lim e; and it occurs very rapidly if, instead of placing both the polar wires in the electrolyte, the negative wire is immersed in the globule of mercury. It is evident from these facts, that it is essential to the continuance of the movements, that the particles composing the sur face of the metallic globule should retain a sufficient degree of mo bility to admit of free motion. but with dilute acids it continued a long tim e; with very dilute nitric acid, in one experiment the movement was sustained with scarcely any diminution during 2£ hours; and with dilute sulphuric acid, in a second experiment it continued hours, and did not then appear to slacken: the battery employed in this experiment con sisted of ten small Smee's elements. A globule of strong sul phuric acid was placed upon a surface o f mercury, the latter connected with the negative pole, and the end of the positive wire dipped into the acid ; much gas was evolved from the anode, and the liquid was not repelled on making contact, but collected in a heap around the w ire;-a globule of solution of caustic potash similarly treated exhibited repulsion on making contact. It is evident from these uniform results that the direction of flow obtained by immersing the positive wire in the electrolyte and the negative one in the mercury is almost uniformly 32. The movements obtained by this method are not produced by the act of deposited substances dissolving in the mercury, for they occur equally well whether hydrogen gas is set free and escapes or alkali-metal is deposited and dissolves in the mercury, until in the latter case the diminished mobility of the globule interferes with the result.
It is highly probable
Considerable difficulty was experienced in examining liquids
by the second method, in consequence of the rapid and in many cases instantaneous oxidation or filming of the metallic globule ; but by using very dilute liquids and immersing the negative wire from seventy-two small Smee's elements during only a moment at a time, this difficulty was in most cases sufficiently overcome to allow di stinct starts of the mercury to occur in the particular direction beneath its film, and thus to indicate an opposite motion of the supernatant liquid, although in nearly all cases the movement of the electrolyte itself could not be detected. Upwards of 100 liquids, consisting of organic and inorganic compounds-acid, alkaline, and neutral-were examined, and in more than three-fourths of them di stinct movements of the metal were obtained, which were in every and in the latter case it attracts an electro-negative element (generally oxygen), and produces a negative flow.
35.
Herschel found by the third method of operating, that with pure mercury in acids and saline liquids the flow was negative, and was weaker as the base was stronger, and more rapid as the acid was stronger and more concentrated ; and that in solutions of nitrates two opposite flows occurred, one from each wire ( vide Gmelin's Handbook, i. 490).
I have found by an examination of pure mercury in various liquids the results exhibited in the following Table. The arrows indicate the direction of flow of the liquid, +-being po sitive and h* negative; and the numbers affixed to them afford a rough approximation of the velocity or magnitude of the movements.
The battery employed consisted of twenty-two small Smee's elements.
The substances were dissolved in water, and the solutions were of mode rate strength unless otherwise stated. Manifestly impure substances were rejected, and fresh mercury was taken for each experiment. Numerous interesting phenomena of motion and of colour, especially with solutions of salts of the earth-metals and with metallic iodides, were observed during the examination.
Chloride of Magnesium,~4
36.
On examining these numerous results we fin d :-1st. That all alkalies and some alkaline salts produce a positive flow only. 2nd. That some alkaline and many neutral salts produce both positive and negative flows. 3rd. That some neutral and many acid salts, and nearly all acids, both organic and inorganic, produce a negative flow only. The stronger influence of acids, compared to that of alkalies (14, Note) in the production of these movements, is pro bably the reason why various salts of alkaline reaction give a negative as well as a positive flow, and why many neutral salts containing a strong acid (chlorides, for example) give a negative flow only. No substance of alkaline reaction has been observed to give a negative flow only, nor any strongly acid substance to give only a positive flow. An alkaline or electro-positive substance as the electrolyte, produces therefore by the 3rd method a positive flow, and an acid or electro-negative substance produces a negative flow. Numerous analogies may be detected in the behaviour of similar salts on ex amining the Table. 37. The movements obtained by the 3rd method appear to be results of a similar mutual attraction of the mercury and the ele ments of the liquid to those obtained by methods l and 2. The mercury moves towards the cathode in acids because its positive end has acquired, by the aid of the electric current, a stronger affinity for the negative element of the liquid than its negative end has for the positive element, and moves towards the anode in alkalies because its negative end has acquired a stronger attraction for the positive element of the liquid than its positive end has for the negative ele ment. I do not, however, give either this or the previous explana tion (3 4 ) as an ascertained fa ct, hut merely as a temporary hypo thesis to aid further investigation.
38. The amount of positive flow produced by the 3rd method in strong aqueous hydrocyanic acid, or strongest solution of ammonia, is comparatively small, apparently on account of their inferior electric conductivity ; but if the smallest amount of ammonia is added to the hydrocyanic acid, the positive flow obtained is very strong; also, if instead of ammonia a small quantity of caustic potash, soda, baryta, strontia, magnesia, lime, or even alumina is added to the acid, similar effects are produced : a little strontia or lime causes the nearest part of the mercury to dart up the watch-glass more than half an inch towards the positive electrode, if the battery is sufficiently strong. Silica had no effect. The addition of oxide of zinc, dioxide or protoxide of copper to the acid, reversed the direction of the flow, and dioxide of mercury neutralized the positive movement and diminished the conduction. The strongest positive flows obtained by the 3rd method were with strong solutions of alkaline cyanides, and the strongest negative flows with sulphuric acid.
39. The behaviour of liquids upon mercury in V-tubes by the three methods is not essentially different from their behaviour in a watch-glass; the former, indeed, may be safely predicted from the latter. Sufficient pure mercury was placed in a V-tube of half an inch bore just to fill it at the bend, then a strong solution of sulphate of alumina poured upon it half an inch deep in each le g ; on con necting the platinum wires from twenty-two pairs of small Smee's batteries with the solutions in the two legs, the liquid at once flowed from the negative to the positive le g ; but by lowering the negative wire into the mercury, it flowed from the positive to the negative le g : no flow of the liquid was produced by placing the positive wire in the mercury and the negative one in the solution of the negative leg. 49. To illustrate the action, I have constructed an apparatus consisting of two pairs of electrodes of platinum foil and mercury, suspended at opposite ends of two copper wires upon a central pivot, and rotating in an annular channel filled with dilute sulphuric acid ; but the power was too feeble to produce revolution of the necessary moveable parts : it was not more than sufficient to produce a manifest tendency to motion.
In conclusion, I beg leave to suggest a trial of the sudden starts of the mercury by momentary currents as signals in electro-telegraphic apparatus.
